ers the correlations that can be observed within a pool of accepted applicants and because it is impossible to determine how rejected applicants would have performed had they been admitted. 10 A cohort study by Kulatunga-Moruzi and Norman 10 found that applicants who were accepted through an extensive screening process that included autobiographical essays, personal interviews, and tutorial simulations were indistinguishable on graduation (according to national licensing examination scores) from those who were rejected but gained entry elsewhere. We studied whether or not an admission process that instead uses the multiple mini-interview (MMI), 11 a series of independent observations collected via sequential structured interviews, would yield good prediction of national licensing examination scores.
METHODS

Approval of this study was received from the Faculty of Health Sciences research ethics board at McMaster University and Medical Council of Canada (MCC)
. Because all data were preexisting and deidentified after a third party merged data sets, explicit informed consent from individual participants was not required. Graduates of Canadian medical schools are eligible to take the MCC Qualifying Examination (MCCQE) part I in May of their graduation year. They must then complete a year of clinical postgraduate training to be eligible for part II of the examination. As a result, Canadian graduates typically complete their licensing examination 16 to 20 months after completing their MD, and those in the cohorts considered for this study generally completed both parts of the MCCQE by March 2011. Deidentified data from McMaster University and MCC were merged in the summer of 2011 by a third party following MCC guidelines for sharing examination data, a process that ensures anonymity of the participants and their scores. Sex and age of participants were available to facilitate the merging of data, but age was deleted postmerge to ensure anonymity of the data set. No other personal information was available on participants or their demographics. Only those who had completed at least part I of the MCCQE by June 2011 were included in the study.
Admissions Protocols
As of 2004, the MD program at McMaster abandoned its traditional use of both a panel-style personal interview, in which 3 examiners interviewed each candidate for a period of 25 minutes (followed by 30 minutes of scoring), and a simulated tutorial in which candidates were placed in groups of 6 or 7 and observed interacting as they worked through a presented problem. Dominant concerns leading to this decision were poor test-retest reliability and weak predictive validity. 12 Instead, applicants were invited to interview based on undergraduate GPA weighted approximately 70% and an autobiographical submission weighted approximately 30%, a protocol that was unchanged from preceding years. Those invited to interview were then assessed using a 12-station MMI.
11
The MMI consists of a series of brief interviews modeled after the objective structured clinical examination (OSCE), in which candidates typically have 8 minutes to discuss an issue with an interviewer, demonstrate the capacity to work through a challenging interpersonal situation presented by an actor, or perform a task with another candidate. Previously reported examples include the need to counsel a colleague who was afraid of flying after the September 11 attacks and a discussion of the ethical principles involved in deciding whether a physician should treat a patient with a known placebo for the sake of offering reassurance. 11 Examiners are then given 2 minutes to score the applicant's performance while the applicant prepares for the next station.
McMaster uses a 12-station MMI that is designed to dominantly focus on ethical issues, communication, and collaborative tasks. 13 Because few stations are used within any subdomain, subdomain scores cannot be considered reliable metrics. A variety of studies have demonstrated that aggregating across 12 stations routinely offers interstation reliability in the 0.7 to 0.8 range.
12 This is substantially higher than the interinterview reliability of less than 0.4 observed in panel-based interviews. 14 The decision to change to this process was based on this evidence of improved reliability and lower resource requirements relative to the traditional interview process. 15 Since then, the MMI has been shown to improve the association between admissions data and clinical performance during clerkship and the ethical reasoning/communication components of the national licensing examinations. 12, 16 In 2004, McMaster was the only Canadian medical school to use an MMI, and in 2005 a second medical school from a different province (hence, sharing few applicants with McMaster) began using the MMI, thus enabling us to make an uncontaminated comparison between students accepted via an MMI and those rejected but accepted elsewhere using traditional interview procedures.
After applicants completed the MMI, scores on all measures underwent z score transformation and were combined so that approximately 30% of the MEDICAL SCHOOL ADMISSION USING THE MULTIPLE MINI-INTERVIEW weight was placed on GPA and 70% on the MMI. The final admission decision was made by rank order with minimal file review conducted by the admissions committee to identify exceptional circumstances, such as egregious unprofessional behaviors.
Outcome Variables
To gain a license to practice medicine in Canada, a physician must hold a valid medical degree and meet the requirements of the provincial regulatory authorities, which usually includes being a licentiate of MCC (granted to those who pass both parts of the MCCQE). The MCCQE part I is a computerbased examination that includes an adaptive multiple-choice question component testing general medical knowledge and a short-answer key-features style assessment of clinical decisionmaking skills. This examination is generally taken in May immediately following completion of training for an MD. Scoring of the multiple-choice question component is conducted using item response theory, with both components combined and transformed to a scale with a fixed cut-score of 390 and SD of 100 so that performance is comparable from one year to the next. 17 Scores from this examination have been found to be predictive of a variety of clinical practice quality indicators. 5, 6 For the purpose of conveying feedback to candidates (not for decision making), the MCC generates subscores for specific clinical rotations and for considerations of legal, ethical, and organizational (CLEO) aspects of practice.
The MCCQE part II is an OSCE consisting of 14 stations, each involving interaction with a standardized patient. 18 This examination is generally completed 16 months into residency training. Physician examiners observe the interaction and score candidates using a combination of stationspecific checklists and rating scales. A modified borderline groups method is used to determine the cut-score on each station, 19 and scores are transformed to the same scale each year (mean = 500, SD = 100). Scores from this examination have been found to be related to patient complaints and clinical practice quality indicators. 4 For feedback purposes only, subscores are generated. On part II, these subscores are data gathering, problem solving, patient interaction (which includes communication skills), and CLEO.
Statistical Analysis
The unit of analysis was the examinee. Standard descriptive statistics were used to summarize the data. The primary analyses were univariate analyses of variance performed on MCCQE scores to look for differences between candidates accepted to McMaster (whether they matriculated at McMaster or elsewhere) and those who were rejected but gained entry to another medical school. These analyses were then repeated by dividing the "accepted at McMaster" group into those who attended McMaster and those who completed their medical training elsewhere. Multiple regression analyses were also performed on each dependent variable, including GPA, autobiographical submission, and MMI scores as predictor variables to determine the extent to which admission scores were independently related to the outcomes of interest. Because the sample size was determined by the interview process, an a priori power analysis was not conducted. All tests were 2-sided with P Ͻ .05 used as the significance threshold. All analyses were performed using PASW Statistics 18.0 for Macintosh (IBM SPSS).
RESULTS
In 2004 and 2005, 6049 applicants applied for medical school admission to McMaster. Of 1071 applicants who were brought to interview, 521 (48.6%) were offered admission via the revised admissions process. TABLE 1 presents the demographic characteristics of all interviewed applicants. Six hundred fifty-three of 1071 applicants (61.0%) were women, a proportion that was comparable in both accepted and rejected interviewees. The mean age was 24.0 years, with accepted applicants being slightly older than rejected interviewees (mean, 24.3 vs 23.8 years, respectively).
A total of 70.1% (751/1071) of all interviewees were found in the MCC database and had their admissions scores matched to MCCQE part I scores. Part II scores were available for 623 of these 751, the number likely lower because not all had completed part II by the time the data were collected for this study. Table 1 illustrates that the matched sample included 90.6% (472/521) of all accepted candidates and 50.7% (279/ 550) of all rejected candidates. Given the successful match rate for the former group, it seems likely that almost all nonmatched candidates from the latter group did not gain entry to a Canadian medical school in the years considered in this study. Of the 472 accepted candidates who matched on part I scores, 274 (58.1%) matriculated at McMaster, 128 (27.1%) matriculated elsewhere, and 70 (14.8%) could not be matched to site of matriculation. Sex did not differ as a function of acceptance in the matched sample, and age could not be considered because it was excluded from the deidentified data to reduce the potential that individual candidates could be recognized.
Admissions Results
TABLE 2
presents the scores achieved on each of the admissions instruments (GPA, autobiographical submission, and MMI) as a function of whether or not applicants were accepted to McMaster. A statistically significant difference was observed between accepted and rejected interviewees for GPA and MMI scores, expected given that the instruments defined who was accepted. Although the association with autobiographical submission had a moderate effect size, this comparison was not statistically significant, likely because lesser weight was applied to this variable in the admissions decision. The correlation between GPA and MMI was r = 0.006; between GPA and autobiographical submission, r = Ϫ0.38; and between MMI and autobiographical submission, r=0.014.
Relation Between Admissions Decisions and Licensing Examination Performance
Those candidates who were accepted by McMaster achieved mean performance scores on the MCCQE part I that were greater than the scores achieved by rejected candidates ( A series of regression analyses was performed to determine the extent to which individual admissions measures were related to the various outcomes of interest (TABLE 5). In general, autobiographical submission scores were unrelated to performance on the MCCQE examinations. Grade point average was particularly predictive of MCCQE part I scores. In contrast, MMI was independently predictive of all of the dependent measures considered. Thus, the MMI showed incremental validity in combination with the other variables available at admission for both MCCQE part I and part II.
COMMENT
To our knowledge, this study is the first to assess a full graduating class that was selected using the MMI. This study is now difficult to replicate in Canadian medical schools because 14 of the 17 programs currently use the MMI or an adaptation of the same principles. In the United States, systematic data are not available, but use of the MMI has been reported in dentistry 20 and physician assistant programs. 21 According to records kept by the Association for American Medical Colleges and ProFitHR, it appears that at least 22 US medical schools are known to be using the MMI or an MMI hybrid as We found reasonably stable differences on 2 parts of a national licensing examination indicating that those accepted by the MMI-based admissions process outperformed those who were rejected but gained entry elsewhere. These differences arose 4 to 6 years after the selection decision was made and cannot be attributed solely to the curricular success of the university, because those who were accepted but chose to study elsewhere performed as well as those who matriculated at McMaster. It is important to note that McMaster's curriculum has changed since the time of this study and that, as a result, any differences ob- served between curricula are no longer reflective of current practice.
22
The significant prediction of licensing examination performance observed in this study contrasts with an earlier study 10 reporting that students accepted using the previous McMaster admissions process, which involved panel-based interviews and simulated tutorials, were indistinguishable from those who were rejected when compared against the same outcome measures. The MMI appears to show a stronger relationship with measures of clinical skills and ethical reasoning when directly compared against traditional panel-style interview protocols. 12, 16, 23 The inverse relationship between GPA and autobiographical submission was unanticipated but fits with previous work indicating that the relationship between academic and nonacademic measures of performance moves from negative to positive as the measures become increasingly focused on specific domains of performance (ie, as they move from generic and broad measures to measures of medical competencies). 12 Gaining entry to an MD training program is the single greatest determinant of who will practice medicine in North America as more people are excluded during the admissions process than at any other stage in training. Although accepted applicants generally go on to succeed at passing the licensing examination, this is only an indicator of minimal competence rather than success of the admissions protocol. Moreover, during the admissions process, high-stakes decisions are being made on behalf of applicants, so the selection process should be as fair and meaningful as possible. 24 No selection process will be perfect. Many factors preclude any admissions protocol from predicting relevant outcomes with complete accuracy, including gamesmanship, the curriculum, natural maturation, and the complex and probabilistic nature of life itself. However, the empirical evidence supports considerable room for improvement. In European countries in which students have traditionally been admitted based on self-selection (either via open admissions practices in which students are allowed to choose their domain of study without institutional selection or through lottery-based selection), improvement in performance and graduation rate has been observed after academic measures were implemented to create a barrier that had to be overcome (typically using GPA or standardized tests for the sake of selection decision making). [25] [26] [27] Personal interviews have become the standard through which health professional schools assess nonacademic aspects of applicants. 28 There is a broad spectrum of qualities that can be used to select candidates, 29 but traditional interviews may not be able to identify the top candidates. 10 At issue is not the skill or intent of the interviewers, but rather the consistency of performance of the candidates. A single interview will generate an impression of interpersonal skill, thoughtfulness, and general demeanor in that particular interview. However, in a different interview setting, the performance may change significantly: the effect of occasion is generally a greater source of error in interview measurement than is the effect of differences of opinion between raters. 11, 14 There are 3 main limitations of this study. First, the outcomes examined are not direct measures of actual practice. Subscores on the MCCQE parts I and II need to be interpreted with caution because they are based on only a subset of items and hence have lower reliability. With that caveat, the communication skills subscore and the part I and part II total scores are arguably important measures; performance on these examinations has been linked to realworld practice differences deemed indicative of the quality of health care provided by Canadian physicians. [4] [5] [6] As the first cohorts admitted to any profes- sional school via the MMI are just now reaching the stage of independent practice, more time must pass before directly testing the link between admissions decisions and clinical care. Second, the sample size and lack of additional data on which to compare various applicant demographics precludes conducting additional analyses that would be informative.
Third, the comparison used to claim that replacement of traditional panelstyle interviews with an MMI yielded improvement in predictive ability is a historical one. Although the acceptance decision using an MMI-based admissions process provided better discrimination than was seen in the same institution previously, 10 the lack of a current control condition prevents absolute comparative conclusions from being drawn. The findings should not be interpreted as indicating that the MMI, as implemented at McMaster, is necessarily the best admissions approach or even the only approach that would work well. Rather, the data presented here should most conservatively be treated as proof of concept of the value of performing quality assurance analyses and striving for continuous quality improvement within the context of any institution's admissions protocol. Whether the logistical requirements necessary for mounting an MMI add or remove burden from an institution's resource use will depend on the institution's current practices. 15 The MMI should be considered a process of assessment, not a tool or an instrument. Just as a multiple-choice examination can be populated with questions representative of diverse content areas, an MMI can be populated with highly variable stations. What is measured and what outcomes can be predicted will depend heavily on what qualities an institution designs its MMI to address and what weight is assigned to each measure collected. The McMaster MMI was designed to emphasize ethical and interpersonal dilemmas. 13 Others have chosen to emphasize different things and therefore may need to look at different outcomes to determine their success.
Regardless of an institution's focus, the key issue that both defines the MMI and strengthens its psychometric properties is the repeated sampling of performance. Feasibly sampling candidate performance over multiple situations requires relatively brief encounters. There may not be an advantage to longer interviews, because examiners tend to form impressions very quickly, with additional time being largely redundant. 30, 31 In addition, the more time a candidate spends with an interviewer, the greater the opportunity to divert the conversation to issues that are distinct from the intended focus of the interview, which tends to add error variance in a manner that can harm rather than help the measurements collected. 32 In conclusion, there appears to be a complementary relationship between GPA and the MMI process, with the former related to more knowledgeoriented outcome measures and the latter to more clinical/ethical/interpersonal skill-oriented outcomes. Our study demonstrates that at McMaster, a GPA plus MMI approach has yielded better outcomes than were achieved by the historical use of GPA plus panel-style interview/simulated tutorial. Future research should examine characteristics of individual MMI stations to determine if some implementation strategies are more effective than others. Furthermore, research into how various weighting schemes influence the composition of the student population may be beneficial; however, the appropriate choice of weighting scheme may be context specific as long as reliable and trustworthy measures are being weighted.
